INTRODUCTION
============

*Toxoplasma gondii* is a ubiquitous coccidian parasite of the Phylum Apicomplexa, the largest and most important group of obligate parasites. It is unusual within this group in its capacity to parasitize a diverse array of cell types and infect virtually any warm-blooded animal \[[@B1]\]. *T. gondii* is a remarkably successful organism; around one-third of the world\'s population is seropositive for this parasite. Seroprevalence increases with age and varies around the world \[[@B2]\]. Thus, in the USA, the overall seroprevalence is around 20-25% but in El Salvador, France, and Brazil, for example, it may be as high as 75-80%.

Exposure to pathogenic threats activates inflammatory reactions, followed by a fast and crucial anti-inflammatory responses \[[@B3]\]. This limits the inflammatory processes below a certain threshold, ascertaining survival and avoiding autoimmune diseases or spreading of the inflammatory components into the bloodstream, which may lead to septic shock \[[@B3]\]. Primary infections with *T. gondii* stimulate production of high levels of interleukins, such as IL-12 and IFN-γ, by cells of the innate immune system, being central efforts to resistance to the disease \[[@B4]\]. In recent years, descriptions about the participation of the cholinergic system in the inflammatory response has been described \[[@B5]-[@B7]\].

Cholinergic signaling is notably involved in anti-inflammatory reactions \[[@B8]\] and cholinesterase enzymes are present in cholinergic and non-cholinergic tissues. They are divided into 2 classes, i.e., acetylcholinesterase (AchE) and butyrylcholinesterase (BChE) according to their catalytic properties and specificity for substrates, sensitivity to inhibitors, and tissue distribution \[[@B9],[@B10]\]. AChE and BChE both catalyse the hydrolysis of the neurotransmitter acetylcholine (ACh), a fundamental process in regulating the cholinergic system \[[@B10],[@B11]\]. AChE (EC 3.1.1.7) is a membrane-bound enzyme found mainly in the brain, muscles, erythrocytes, lymphocytes and cholinergic neurons \[[@B9],[@B12]\] that preferentially hydrolyses esters with acetyl group. Thus, the vagus nerve releases acetylcholine (ACh) when stimulated (either electrically or pharmacologically), inhibiting activation of macrophages and release of pro-inflammatory cytokines, e.g., IL-6, tumor necrosis factor alpha (TNF-α), IL-1, and IL-18. The lymphocytes synthesize ACh, which is degraded by AChE, and in consequence of this, the complete cholinergic repertoire of immune cells was termed the lymphocytic cholinergic system \[[@B9]\].

Based on the knowledge that toxoplasmosis has a high stimulation on the immune system \[[@B4]\], added to the immune modulator role of the cholinergic system, the aim of this study was to evaluate the AChE activities in blood and lymphocytes, as well as BChE activities in serum of rats experimentally infected with *T. gondii* during the acute phase of infection. Rats were chosen because they are more resistant to toxoplasmosis, providing conditions to investigate the possible participation of cholinesterases in the immune response during the acute phase of the disease.

MATERIALS AND METHODS
=====================

Ethics statement
----------------

The procedure was approved by the Animal Welfare Committee of Centro Universitário Fransciscano (UNIFRA), number 003/2011, Brazil. Experiments were performed according to the Brazilian regulations for experimentation animals (CONCEA). All efforts were made to minimize suffering of animals.

Experimental animals
--------------------

Twenty-four adult male Wistar rats (*Rattus norvegicus*), averaging 60 days old and 200 g in weight, from the central vivarium of the Universidade Federal de Santa Maria (UFSM), Brazil, were used. The animals were kept in an experimental room with controlled temperature and humidity (25℃; 70% relative humidity). They were fed a commercial ration, with water ad libitum, and submitted to a period of 7 days of adaptation.

*T. gondii* strain and preparation of inoculum
----------------------------------------------

For this experiment, *T. gondii* (RH strain, isolated by Sabin, 1941) kept in liquid nitrogen in the laboratory was utilized. Firstly, one mouse was inoculated with tachyzoites of *T. gondii*. Four days later, the peritoneal fluid containing the parasite was collected and inoculated into other mice. This procedure was repeated 3 times, in order to reactivate the parasite virulence and for obtaining a large number of tachyzoites of *T. gondii*.

Experimental design and sample collection
-----------------------------------------

The animals were divided in 2 groups (A and B), 12 animals per each group, and from these again they were subdivided into 4 subgroups (A1, A2, B1, and B2), 6 animals per each group). Groups A and B served for uninfected and infected controls, respectively. A volume of 0.5 ml of peritoneal fluid containing 1.2×10^7^ tachyzoites was inoculated to group B (12 rats) intraperitoneally. The volume of 0.5 ml saline was administered to group A by the same route.

On day 5 post infection (PI) (subgroup A1 and B1) and day 10 PI (subgroup A2 and B2), sample collections were performed. The animals were anesthetized in chamber with isoflurane for collection of blood by cardiac puncture (8 ml). The storage of the samples was considered accordingly to the analysis. Thus, a part of the material collected was allocated in tubes containing anticoagulant (EDTA 10%) for separation of lymphocytes (4 ml) and analysis of hemogram and blood AChE (1 ml). The volume of 3 ml was stored in a tube without anticoagulant to obtain serum for cytokine and BChE analysis.

Hematological evaluation and cytokines
--------------------------------------

Complete blood count and hemoglobin determination were performed using an automated cell counter (Vet Auto Haematology Analyser, model BC 2800, Nanshan, Shenzhen, China). For morphological evaluation of the blood and differential count of white blood cells, blood smears were stained using a Diff-Quik commercial kit and visualized under the microscope. Mean corpuscular volume and mean corpuscular hemoglobin concentrations were calculated according to Feldman et al. \[[@B13]\].

Quantification of cytokines was performed in order to establish occurrence of immune responses against infection with *T. gondii*, supporting our findings on the cholinesterase. The quantification of pro-inflammatory cytokines was performed by ELISA using commercial kits for rat IFN-γ, TNF-α, IL-1, and IL-6 (eBIOSCIENCE, San Diego, California, USA), according to manufacturer\'s instructions.

Lymphocyte separation
---------------------

Lymphocytes were also obtained from whole blood with EDTA by gradient separation using Ficoll-Histopaque™ plus, according to the technique described by Böyum \[[@B14]\]. After separation, lymphocyte viability and integrity were confirmed by determining the percentage of cells excluding 0.1% trypan blue and measuring the lactate dehydrogenase activity \[[@B15]\]. Protein concentrations of the lymphocytes were determined by the Coomassie blue method \[[@B16]\] using bovine serum albumin as the standard.

AChE activities in total blood
------------------------------

Blood samples were diluted 1:50 (v/v) in lysis solution (0.1 mmol/L potassium/sodium phosphate buffer containing 0.03% Triton X-100) to determine AChE activities. Subsequently, the samples were frozen for 10 days and then processed. The AChE enzymatic assay in total blood was done by the method of Ellman et al. \[[@B17]\] as modified by Worek et al. \[[@B18]\]. The incubation system was composed of 0.1 mol/L sodium phosphate buffer (pH 7.4), 5,59-dithiobis-(2-nitrobenzoic acid) (DTNB) 10 mmol/L for hemolysis of blood. The increase in absorbance was registered over 2 min at 436 nm. The specific activities of whole-blood AChE were calculated from the quotient between AChE activity and hemoglobin (Hb) concentration and the results were expressed as µm/Umol of Hb.

AChE activities in lymphocytes
------------------------------

After isolation of the lymphocytes, AChE activities was determined according to the method described by Fitzgerald and Costa \[[@B19]\]. Briefly, proteins of all samples were adjusted to 0.1-0.2 mg/ml, and 0.2 ml of intact cells was added to a solution containing 1.0 mmol acetylthiocholine (AcSCh), 0.1 mmol DTNB, and 0.1 mmol phosphate buffer (pH 8.0). Immediately before and after incubation for 30 min at 27℃ the absorbance was read on a spectrophotometer at 412 nm. The AChE activity was calculated from the quotient between the lymphocyte AChE activity and protein content. The results were expressed as µmol AcSCh mg of protein.

BChE activities in serum
------------------------

The BChE enzymatic assay in the serum was determined by method of Ellman et al. \[[@B17]\] using the substrate butyrylthiocholine. The sample was pre-incubated at 37℃ for 2 min, and reading was performed for 2 min at intervals of 20 sec on a spectrophotometer at 412 nm. The sample analysis was carried out in duplicate, and the enzyme activity was expressed in µmoles BcSCh/h/mg of protein.

Statistical analysis
--------------------

The data were submitted to an analysis of variance followed by the Student\'s *t*-test (*P*\<0.05). The effect of AChE activity in lymphocytes on the number of lymphocytes was analyzed by linear correlation. The analyses were performed using SAS statistical package (SAS Institute, Cary, North Carolina, USA) with a significance level of 5% (*P*\<0.05).

RESULTS
=======

Course of infection, hematologic parameters, and cytokines
----------------------------------------------------------

During the infection, clinical manifestations and changing the behavior of animals were not observed in both groups. On day 5 PI, there were no significant (*P*\>0.05) alterations in hematological parameters between groups. The number of erythrocytes and hemoglobin concentration were decreased (*P*\<0.05) in the infected groups on day 10 PI, whereas total leukocytes and lymphocytes presented an increase in their levels when compared to the control group ([Table 1](#T1){ref-type="table"}).

In this study, we found that *T. gondii* infection in rats led to the occurrence of an inflammatory process. This is because the IL-1, IL-6, INF-γ, and TNF-α levels were increased on days 5 and 10 PI in all groups when compared to the control group (*P*\<0.05).

AChE activities in total blood and lymphocytes
----------------------------------------------

On day 5 PI, the activity of AChE in total blood increased significantly (*P*\<0.01) in the infected group, compared to the control group. However, on day 10 PI, no differences were observed between infected and control groups ([Fig. 1A](#F1){ref-type="fig"}). AChE activities in lymphocytes were increased in both moments, days 5 (*P*\<0.01) and 10 (*P*\<0.05) PI, in the infected groups, in comparison with the control group ([Fig. 1B](#F1){ref-type="fig"}).

Statistical analysis demonstrated a positive correlation (*r*=0.67) between the number of lymphocytes and AChE activity in lymphocytes on day 10 PI (*P*\<0.01). However, on day 5 PI, no correlation was observed.

BChE activities in serum
------------------------

No significant (*P*\>0.05) difference was observed in the BChE activities in serum of rats infected with *T. gondii* compared to healthy subjects in both periods evaluated.

DISCUSSION
==========

*T. gondii* can invade every nucleated cell in the body, although the preferred target organs are lymph nodes, brain, heart, and lungs. Proliferation of tachyzoites results in infection of neighboring cells and necrosis, which can be associated with an intense mononuclear cell reaction \[[@B20]\]. Our data demonstrated that the number of lymphocytes, as well as total leukocytes, were increased during the second sampling period, probably in response to the tachyzoite proliferation during the infection. In this study, we have demostrated the relationship of the cholinergic system with white blood cell proliferation during the acute phase of an experimental infection with *T. gondii* in rats.

It is well established and several investigations proved that blood cells possess a cholinergic system consisting of ACh muscarinic and nicotinic receptors (mAChR and nAChR, respectively), choline acetyltransferase (ChAT), and acetylcholinesterase \[[@B9],[@B21]\]. Our results show an increase in the whole blood (day 5 PI) and lymphocyte (days 5 and 10 PI) AChE activities. The activity of AChE in the whole blood was increased on day 5 PI during the period of major parasitemia. Our hypothesis is that the elevation of its activity is directly related to an increased expression of the enzyme in erythrocytes as a response to a high parasitemia of the period. Our results are in accordance with Szelenyi \[[@B22]\], who described a significant increase in AChE activity and mAChR expression in normal human peripheral blood lymphocytes as an early response to various stimuli. While the major expression and/or activity of the enzyme was supposedly on day 5 PI protecting the cells, the anti-inflammatory action simultaneously occurred, partially cleaning the parasite from the bloodstream, however, also reducing the erythrocytes and hemoglobin levels.

In both phases (days 5 and 10 PI), an increase was observed in the AChE activity in lymphocytes when compared to not-infected animals. When there is an increase in the AChE activity, a rapid degradation of ACh occurs which is considered a molecule with anti-inflammatory action, since it binds to nicotinic receptors in lymphocyte surfaces, and thus inhibits the production of cytokines, serotonin, histamine, nitric oxide, lysosomal enzymes, prostaglandins, and leukotrienes which are among the mediators of the inflammatory process (7,9,23,24). It is noteworthy that the animals in this study presented increased levels of pro-inflammatory cytokines We found that the increase in AChE activity in lymphocytes was associated to lymphocytosis (day 10 PI), a pro-inflammatory action in order to reduce the free ACh. It is known that ACh is produced within the lymphocytes \[[@B9]\]. Therefore, increasing the number of lymphocytes certainly increases the concentration of the free ACh, and consequently increases the AChE activity as an inflammatory action.

In this study, using rats as an experimental model, we did not found variation in the activity of BChE between infected and uninfected groups. Therefore, the enzyme BChE seems not to be involved in immune responses during acute toxoplasmosis in rats, unlike what happened with AChE. However, when the activity of BChE was evaluated in serum and liver of mice infected with *T. gondii* (an experimental model highly susceptible to the parasite), a reduction in this enzymatic activity was observed, associated with liver lesions, the major organ responsible for BChE synthesis \[[@B25]\]. Therefore, we believe that the difference between the studies is co-related to the experimental model used, leading to the conclusion that alteration in the levels of this enzyme is much more related to the liver injury than immune responses.

The results obtained in the present study demonstrated alterations in the activity of AChE in whole blood and lymphocytes associated with the increase of total leukocytes by lymphocytosis. AChE had its activity enhanced in lymphocytes, as well as total blood, may providing a pro-inflammatory action in order to reduce the free ACh, a molecule which has an anti-inflammatory action. Therefore, our results lead to the hypothesis that AChE has an important role in early modulation of immune responses against *T. gondii* during acute infection through an inflammatory effect, contributing to the response against the parasite. On the other hand, BChE seems not to be involved in the immune response of rats with acute toxoplasmosis.
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^a^Significantly different between control and infected group as analyzed by the Tukey\'s test at 5% probability (*P*\<0.05).
